\g=m\l/minthrough the lumen of the whole oviduct, severed of its blood supply, while the serosal surface was bathed in a similar medium. The preparation took up O2, maintained a steady potential difference across its mucosal and serosal surfaces, and transported 2-deoxy D-glucose selectively for at least 40 min. In oviducts taken from rabbits injected 3 days previously with hCG, there was > 4-fold increase in the initial transmural potential difference.
Introduction
Most of our knowledge on the oviducal secretions is derived from experiments in which the oviducts of intact animals have been cannulated, and the secretions collected over long periods of time (Hamner & Fox, 1969; Hamner, 1973; Brackett & Mastroianni, 1974) . Understanding of the biochemicd mechanisms underlying secretory or absorptive phenomena in other mammalian epithelial tissues, such as the smdl intestine, gall bladder and pancreas, has come from the use of in-vitro preparations. We now report the development of two such preparations of the rabbit oviduct.
Preparation 1: slit oviduct tissue slices
Methods and Results
Early attempts at developing an in-vitro preparation of the rabbit oviduct involved the use of (a) thin rings of whole oviduct, (b) thin slices of whole tissue cut from oviducts which had been slit open along their length after removal from the rabbit, and (c) scrapings of the mucosal lining of the oviduct (the endosalpinx). The preparations from non-pregnant does were incubated for 10 min in Krebs-Ringer-bicarbonate medium, pH 7-4, contdning 118 mM-NaCl, 25 mM-NaHCOj, 4-74 mM-KCl, 1-19 mM-MgS04, 1-17 mM-KH2P04, and 1-7 mM-CaCl2, and oxygen uptake (QO^w as measured in a Clark electrode (Rank Bros, Cambridge) . The whole rings of oviduct gave very low gO 2 values, but the quantity of endosdpinx scrapings obtainable was insufficient to give reproducible results. However, the slit tissue slices of preampulla, ampulla and isthmus gave Q02 values, stable for 30 min, of 4-84 ± 0-10 (n = 4), 4-6 ± 0-59 (n were deproteinized with 0-6 M-HC104, the supernatants were neutralized with 5 m-KOH and analysed, for ATP by the method of Lamprecht & Trautschold (1974) and ADP and AMP by the method of Adam (1963) . The dry weight:wet weight ratio was 0-25 ± 0-017 for ampulla slices (« = 15) and 0-27 ± 0-013 (« = 18) for isthmus slices. Using these values, the concentrations (mM) of ATP, ADP and AMP within the tissue water of fresh slices of ampulla were 2-6, 1-7 and 1-3 respectively, and in fresh slices of isthmus were 1-9, 1-5 and 1-4 mM respectively. The adenine nucleotide content declined only slightly over a 30-min incubation period (Table 1) . Mastroianni, Forrest & Winternitz (1961) . The Q02 of the preampulla and ampulla were slightly, but not significantly, higher than that of the isthmus, possibly reflecting the diminished proportion in the isthmus of endosalpinx relative to myosalpinx, the former being more aerobic in its metabolism than the latter (Mastroianni, Winternitz & Lowi, 1958) . The preparations lost approximately 30% of their adenine nucleotides over a 30-min period. Loss of nucleotide is characteristic of tissue-slice preparations but the depletion in the present experiments was substantidly less than that observed with analogous preparations of liver (Krebs, 1969) and small intestine (Bronk & Leese, 1973) .
We were unable to use this oviduct preparation to study the transport of sugars and amino acids. These nutrients are probably transported across the intact oviduct by facilitated diffusion (Leese & Jeffries, 1977; Leese, Aldridge & Jeffries, 1979) , a process which may be masked in tissue slices by non-specific diffusion into the myosalpinx, which presumably is not involved in the transport of oviducal fluid constituents in vivo. We think the preparation is more suitable for metabolic studies on the oviduct.
Preparation 2: luminal perfusion of the isolated rabbit oviduct
The rationale behind the preparation is similar to that adopted by Fisher & Parsons (1949) , who studied the rat small intestine, and involves the recirculation of an oxygenated physiological salt solution through the lumen of the organ at a rate sufficient to satisfy the oxygen and nutritional requirements of the mucosal lining. The serosal surface of the preparation is bathed in a similar recirculating, oxygenated salt solution. A similar approach has been used by Levin & Edwards (1968) to study the rat uterus. We have assessed the ability of an oviduct preparation to take up oxygen, maintdn a potential difference between the mucosal and serosd surfaces, and transport sugars and amino acids from the serosal to the mucosd compartment over a 40-min period. fig. 1 . Diagrammatic representation of apparatus for the perfusion of the isolated rabbit oviduct. The mucosal fluid contained in the water-jacketed reservoir (A) at 37°C was oxygenated by a stream of moist 95% oxygen 5% C02 (v/v). The oxygenated fluid was withdrawn at a rate controlled by the peristaltic pump (P) (Gilson Mimpuls 2) and entered the oviduct at its uterine end. After leaving the oviduct at the fimbriated end, the fluid was returned via glass tubing to the reservoir. The oviduct was bathed in serosal fluid contained in the water-jacketed vessel, B, at 37°C, which was also recirculated and oxygenated by a stream of moist 95% 02/5% C02. the muscle layers. The medium used for both compartments was Krebs-Ringer- However, the oxygen tension measurements enabled p02 differences to be compared with flow rates of fluid through the oviduct lumen. If the oxygen requirements of the tissue were being satisfied, increases in flow rate (and hence in oxygen delivery per unit time) would be inversely related to the p02 difference in the medium before and after it entered the oviduct. At flow rates of 700 pl/min and above, this condition was satisfied, and all subsequent experiments were therefore carried out at a flow rate of 700 pl/min for mucosal fluid. At this setting, the p02 difference between the two electrodes remained steady for 40 min and was abolished by cyanide addition to the mucosd medium.
Potential difference
As shown in Text- fig. 2 , the potential difference across the oviducts taken from rabbits in oestrus declined from 1-45 mV immediately after setting up the preparation to reach a steady vdue of just above 1 mV at 20 min. The potentid difference was reduced to zero in about 10 min by the addition of 1 mM-KCN to the mucosal medium, while 1 mM-oubain added to the mucosal and serosd medium caused a reduction of approximately 90% over the same time period. In oviducts taken from rabbits injected 3 days previously with hCG, there was a large increase in potential difference (Text- fig. 2 ) and the relative decline was also more marked. However, a steady value was reached and maintained after 30 min.
Sugar transport Leese & Jeffries (1977) showed that the rabbit oviduct perfused through the lumen in vivo could discriminate between D-glucose, and L-[l-14C]glucose infused into the plasma, the D-glucose appearing in the lumen at 17 times the rate of L-glucose. An Amino acid transport showed that amino acids appeared readily in the lumen of the rabbit oviduct perfused for 4 h in vivo. A mixture of 20 amino acids in concentrations approximating those in rabbit plasma were therefore added to the serosd compartment, and their appearance in the mucosal compartment was monitored after perfusion for 40 min. The amino acids were detected chemically, using an automatic analyser, as described by . The amounts appearing were very smdl, and while they could be increased by elevating the initial concentration of amino acids in the serosal compartment, this was considered to be too unphysiological, and the experiments were not pursued.
Discussion
The in-vitro preparation of the intact rabbit oviduct will take up oxygen, maintain a steady potential difference, and transport 2-deoxy D-glucose selectively for at least 40 min.
As far as we are aware, there is only one other report of the use of an in-vitro preparation to study electrical events and transepithelial fluxes across the rabbit oviduct. This is the pioneering study of Brunton & Brinster (1971) who showed, using clamped sheets of rabbit ampulla, that the oviduct could maintdn a steady transmembrane potential difference (lumen negative as in the present study), and that chloride ions were actively pumped from the serosal to the mucosal solution. The difference in the potential difference recorded by Brunton & Brinster (1971) mV for the ampulla) and the present result (1-4 mV for the ampulla and isthmus) could be due to the different tissue preparations, but it is possible, as suggested by Brunton & Brinster (1971) , that different transport processes could be present in different regions of the oviduct. Levin & Edwards (1968) , with a preparation similar to that used here, recorded average values for the isolated rat uterus of 1-3, 4-3 and 0-6 mV at dioestrus, pro-oestrus and metoestrus respectively. Levine & Edwards (1968) also presented persuasive evidence that endometrid rather than myometrial events were largely responsible for the observed potential difference.
The increase in transmural potential difference 3 days after hCG injection (Text- fig. 2 ) could be due to a number of factors: e.g. an increase in ion pumping activity, a change in the direction of existing ion fluxes or, perhaps most likely, a general 'tightening' of the epithelium at a structural level such that the tissue resistance was increased. The last explanation would correlate with findings that net fluxes of fluid, pyruvate, lactate, glucose and LDH into oviducd fluid are substantially reduced 3 days after ovulation (Riddick, 1975; .
The small discrimination between the rates of 2-deoxy D-glucose and L-glucose transport, compared with that between D-glucose and L-glucose in vivo, and the failure to detect the transport of a physiological mixture of amino acids are probably accounted for in part by the need for such compounds to traverse the layers of muscle, which act as barriers to diffusion, before crossing the endosalpinx. The preparation may be well suited to study the consumption of sugars and other substrates presented to the endosalpinx from the mucosal medium, but we were unable to investigate this further.
